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Objectives. The purpose of this study was to examine the 
association between cardiorespiratory fitness and coronary risk 
factors in healthy, nonsmoking adult women. 
Background. A sedentary life-style is recognized as an indepen- 
dent risk factor for coronary heart disease, and increasing phys- 
ical activity is strongly recommended to reduce this risk. However, 
studies examining the effects of increased physical activity on 
coronary heart disease risk factors in women are relatively few, 
and the finding~ have been equivocal. 
Methods. Sulaiects provided written informed consent, com- 
pleted a questionnaire on medical history and performed an exercise 
tolerance test. Blood chemistry and lipid levels were determined from 
fasting blood samples. Three fitness categories were established on 
the basis of treadmill time to exhaustion and were adjusted for age. 
Results, The women in the lowest fitness category had less 
favorable lipid profiles, blood glucose levels, blood pressures and 
anthropometric indexes than those in the moderate and high 
fitness categories. 
Conclusions. Moderate fitness (equivalent o 10 metabolic equiv- 
alents [METs]) is required to improve the coronary risk profile in 
women. 
(J Am Coil Cardiol 1995;26:358-64) 
A sedentary life-style is associated with an increased risk for 
acute myocardial infarction (1) and death from coronary heart 
disease (2). This risk is approximately twice a¢ high in seden- 
tary persons compared with physically active people (3,4). 
Physical inactivity is now recognized by the American Heart 
Association as an independent risk factor, comparable to the 
other established risk factors for coronary heart disease (5). 
Increasing physical activity is strongly recommended to im- 
prove the coronary risk profile (5,6). 
Increased physical activity probably provides cardioprotec- 
tion by positively modifying several coronary risk factors. For 
example, regularly performed aerobic exercise improves lipid 
(5-8) and carbohydrate metabolism (9), lowers elevated blood 
pressure (5,10,11) and reduces body fat (8). 
Coronary heart disease is the leading cause of death in 
women (12). However, studies on the effects of increased 
physical activity on coronary risk factors in women are rela- 
tively few, and the findings have been equivocal (3). In most of 
these studies, the degree of physical activity was determined by 
self-reported physical activity questionnaires. Questionnaires 
do not provide an objective assessment of physical activity and 
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may often be misleading (13). This may be the reason for the 
ambiguous results thus tar. On the contrary, an objective 
assessment of physical fitness can be obtained reliably by a 
graded exercise test. 
It is well established that habitual physical activity improves 
physical fitness in middle-aged men and women (14) and is an 
important determipant of physical fitness, accounting for 
>70% of it (15). Thus, the level of fitness is a more objective 
measure of habitual physical activity than self-reported physi- 
cal activity questionnaires (2). We sought to examine the 
assodation between physical fitness and other cardiovascular 
risk factors in healthy, nonsmoking, asymptomatic women. 
Physical fitness was determined by a symptom-limited tread- 
mill test and was adjusted for age. 
Methods  
Subjects. Four hundred seventy-eight premenopausal and 
44 postmenopausal nonsmoking women 22 to 79 years old 
(mean [-SD] age 45 +_ 5) were studied. The subjects were 
federal workers or spouses of students attending the National 
Defense University between 1986 to 1994. Subjects were 
included in the study if they were free of any chronic disease 
and had a normal response to a graded exercise test. Women 
with chronic diseases, plasma triglyceride levels >400 mg/dl 
and smokers were excluded. 
A medical history and physical examination, rest electro- 
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Table l. Definition of Fitness Categories f, ~r V, .,men* 
Fitness Categories 
Low (n = 99) Moderate (n= 202) High (n :: 221) 
Age (yr) Time METs Time METs Time METs 
-<40 <450 <8.5 450 -570 8.5-11 571+ > 11.0 
41-50 <~20 <8.0 420-540 8.0-9.5 541 + >9.f 
5',-60 <360 <7.0 360-510 7.0-9.0 511+ >9.0 
>60 <300 <6.0 300-470 6.0-8.5 471+ >8.5 
*Based on the Bruce protocol. METS = metabolic equivalents; Time = exercise time to exhaustion (s) 
cardiogram (ECG), blood pressure, fasting blood chemistry 
and lipoprotein analyses, weight and height were obtained 
from all consenting subjects. Blood lipids and lipoprotein 
levels were assessed by standardized techniques (16,17). Low 
density lipoprotein (LDL) cholesterol levels were calculated 
(16). 
Information on alcohol consumption, physical activity and 
cigarette smoking was obtained by personal interview with 
each subject. The weekly alcohol intake was assessed by the 
number of beers, glasses of wine and cocktails consumed per 
week (18). 
Physical fitness ,~as assessed by the Bruce graded exercise 
test (19). Subjects were encouraged to give maximal effort. 
Maximal exercise heart rate that was within 10 beats/rain of the 
age-predicted heart rate was used as an indicator of maximal 
effort. 
Blood pressure and heart rate were recorded after a 5-min 
rest in the supine position and at the end of each stage of the 
graded exercise test. All blood pressure measurements were 
obtained by experienced personnel. 
Three fitness categories (low, moderate and high) were 
established according to the treadmill time to exhaustion 
adjusted for age (Table 1). 
Data analysis. Simple and multiple regression analyses 
were performe4 w, determine the relation of physical activity 
indexes with blood lipids and glucose levels and rest blood 
pressure and other selected variables. One-way analyses of 
va:iance were performed to identify differences among roups 
in age, body weight, body mass index, alcohol consumption and 
physical activity indexes. Multivariate analysis of variance using 
body mass index as a covariate was applied to determine 
differences in lipids, lipoprotein and glucose levels and blood 
pressure among fitness categories. Post hoc procedures 
(Scheff~) were used to identify differences between fitness 
categories. The 0.05 level of significance was applied for all 
tests. 
Resu l ts  
Fitness categories and coronary artery disease risk factor 
associations. Fitness categories were established on the basis 
of treadmill exercise time to exhaustion and adjusted for age 
(Table 1). The average treadmill time was 372 __. 58 s, 479 - 
38 s and 623 + 83 s for low, moderate and high fitness 
categories, resb'ectively (Table 2). The fitness categories did 
not differ significantly with regard to age and the amount of 
alcohol consumed/week. However, body weight god). mass 
index and s,,,a ~:f skinfolds were significantiy different among 
the three fi.~-'., ategories (p < 0.05) (Table 2). 
Triglyceride and LDL cholesterol levels, the ratio of total 
cholesterol to high density lipoprotein (HDL) cholesterol, 
glucose levels and rest systolic and diastolic blood pressures 
were directly associated with age, body mass index and bc.~ly 
weight and inversely with exercise time. The I-IDL cholesterol 
levels were inversely associated with body mass index, body 
weight and glucose levels and directly with treadmill time and 
alcohol consumption (p< 0.001) (Table 3). Treadmill time was 
also directly related to weekly mileage (r = 0.49, p < 0.001) 
and length of training (r = 0.44, p < 0.001). Weekly mileage, 
body mass index and length of training were the strongest 
independent determinants of treadmill time (R 2 = 0.40). 
Multiple regression analysis (stepwise) with HDL choles- 
terol levels as the dependent variable revealed that the stron- 
gest determinants of HDL cholesterol variability were body 
weight, followed by alcohol consumption and treadmill time. 
For LDL cholesterol, the strongest determinants were tread- 
mill time and body weight; and for triglyceride levels, treadmill 
Table 2. Characteristics forAll Fitness Categories (mean -+ SD) 
Low Moderate High 
Age (yr) 46 ± 5 46 ± 5 44 +_ 6 
Weight (kg)* 75 _ 12 64 _ 10 61 ± 7 
Body mass index* 28 ± 5 23 ± 3 22 ± 2 
Sum of skinfolds* 84 ± 26 71 ± 22 61 ~ 19 
Alcohol intake 
fl oz/wk 1.2 ± 1.9 1.7 = 3.0 1.7 _+ 3.0 
mlk~k 35 ± 56 50 ± 8 50 --- 8 
Rest heart rate (beats/min)t 83 ± 14 78 ± 13 74 -+- 12 
Maximal heart rate (beats/rain) 169 ± 14 173 ± 13 177 ± 11§ 
Maximal systolic blood pressure 188 ± 28 174 ± 20 181 - 25 
(ram Hg) 
Maximal diastolic blood pre~ure 86 ± 16~: 78 +- 15 80 -+ 15 
(mm Hg) 
Treadmill time (s)t 372 ± 58 479 ± 38 623 --- 83 
METsf 8 -+ 0.9 10 +- 0.6 12 -+ 1.3 
*Significant difference among categories (p < 0.05). tSignificant difference 
among categories (p < 0.01). :[:Different from moderate and high (p < 0.01). 
§Different from low and moderate (p < 0.01). 
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Table 3. Correlaf'ms Between Coronary Risk Factors and Select Variables* 
Body Body Mass Treadmill Week ly  Alcohol 
Age Weight Index Time Mileage Consumption 
TG (mg/dl) 0.22 0.29 0.30 -0.30 0.25 0.23 
LDL-C (mg/dl) 0.16 0.24 0.22 -0.34 0.25 0.004t 
HDL-C (mg/dl) -0.007t -0.32 -0.30 0.30 -0.30 0.15 
TC/HDL-C 0.14 0.40 0.38 -0.44 0.43 0.06t 
Treadmill time (s) -0.34 -0.40 -0.48 1.00 -0.29 0.03t 
Glucose (mgtdl) 0.23 0.30 0.28 -0.29 1.00 -0.005t 
Systolic blood pressure (ram Hg) 0.28 0.24 0.23 -0.21 0.28 0.03t 
Diastolic blood pressure (ram Hg) 0.16 0.21 0.25 -0.23 0.27 0.12 
*Two-tailed significance for Spearraan's correlation coefficient, p < 0.001. tNot significant. HDDC = high density 
lipoprotein cholesterol; LDL-C = low density lipoprotein cholesterol; TC = total cholesterol; TG = triglycerldes. 
time, body weight and age. For glucose levels, the strongest 
determinants were treadmill time, body weight and age. Sys- 
tolic blood pressure determinants were glucose levels, age and 
body weight; and for diastolic blood pressure, glucose levels, 
treadmill time and alcohol consumption (Table 4). 
Lipid, lipoprotein, glucose and blood pressure values are 
presented in Figu,+es 1-5. The lipoprotein-lipid profiles in the 
three fitness categories (low, moderate and high) were signif- 
icantly different from one another (p < 0.01), with more 
favorable profiles associated with higher fitness. I1ae differ- 
ences were independent of body mass index. Blood glucose 
levels and rest and peak exercise diastolic blood pressures were 
lower in the moderate and high fitness categories versus low 
fitness (p < 0.01). These differences were also independent of 
body mass index. 
Discuss ion  
Our results support the finding that cardiorespiratory fit- 
ness, as expressed by treadmill time, has an independent and 
Table 4. Multiple Regression ,~aalyses ( tepwise) of Coronary Risk Factors 
Variable Regressioa Coefficient SE AR 2 R 2 p Value 
HDLC tl.13 
Body weight (kg) -0.341 0.062 0.099 0.001 
Alcohol (fl ozark) 0.613 0.209 0.011 0.003 
Freauhafil'rfme t's~ ff.fff~; ff.0ff6 O.ff2ff II.ff£ 
Constant 75.1 
LDL-C 0.13 
Treadmill time (s) -0.078 0.012 0.11 0.001 
Body weight (kg) 0.388 0.132 0.02 0.003 
Constant 136.2 
Triglycerides 0.15 
Treadmill time (s) -0.070 0.019 0.09 0.001 
Body weight (kg) 0.908 0.196 0.04 0.001 
Age (yr) 1.376 0.414 0.02 0.001 
Constant 18.2 
Glucose 0.15 
Treadmill time (s) -0.193 0.006 0.09 0.001 
Body weight (kg) 0.298 0.066 0.03 0.001 
Age (yr) 0.493 0.136 0.03 0.004 
Constant 52.3 
Systolic blood pressure 0.14 
Glucose (mg/dl) 0.201 0.049 0.08 0.001 
Age (yr) 0.560 0.138 0.03 0.001 
Body weight (kg) 0.244 0.064 0.03 0.001 
Constant 71.0 
Diastolic blood pressure 0.10 
Glucose (mg/dl) 0.163 0.037 0.06 0.001 
Treadmill time (s) -0.016 0.004 0.03 0.001 
Alcohol intake (fl ozark) 0.403 0.159 0.01 0.01 
Constant 72.0 
Abbreviations a in Table 3. 
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Figure 1. Triglyceride and low density lipoprotein cho- 
lesterol (LDL-C) levels for women in the low, moderate 
and high fitness categories. *Different from one another 
(p < 0.0]). 
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strong association with all coronary risk factors examined. In 
addition, it appears that only moderate fitness levels are 
required to improve the coronary risk factor profile in women. 
More specifically, women >60 years old who could reach an 
exercise level equivalent to at least 6 metabolic equivalents 
(METs) (range 6 to 8.5), and those younger, at least 7 METs 
(range 7 to 11), had more favorable lipid profiles, blood 
glucose levels, rest and exercise blood pressures and anthro- 
pometric indexes than those in t~e low fitness category. 
Furthermore, the coronary risk factt.~r profile was even more 
favorable in the high fitness category, suggesting a dose- 
response association between cardiorespiratory fitness and 
coronary risk factors. 
The significant association that we observed between tread- 
mfff tfme and reporteff mffes run/~veelk provfdes upport hat 
physical activity is a strong determinant of the cardiorespira- 
tory fitness level of such women. The fitness level of ~6 to 
11 METs, associated with significant impi~oyement i  all se- 
lected coronary risk factors, can be met easily by most women 
engaging in moderate-intensity activity. It has been g~tggested 
that a daily brisk walk of 30 to 60 rain may be sufficient to meet 
Figure 2. High density lipoprotein cholesterol (HDL-C) levels for 
women in the low, moderate and high fitness categories. *Different 
from one another (p < 0.01). 
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such fitness standards (2). These findings have clinical and 
public health importance b~cause such physical demand is 
feasible and within the abilit and tolerance of most women 
and carries a low risk/benefit ra'io (20,21). 
Lipid and lipoprotein levels and coronary h~rt disease. 
The significant role of abnormal lipoprotein-lipid profiles in 
the development and progression of coronary heart disease is 
well established (22-24). A substantial reduction in coronary 
events consequent toimprovements in the lipid profile has also 
been noted (24,25). When the three fitness categories were 
contrasted, women in the moderate fitness category had 15% 
higher levels of HDL cholesterol and 20% lower total choles- 
terol/HDL cholesterol ratio than the women in the low fitness 
category.. In addition, triglyceride and LDL cholesterol levels 
were 21% and 12% lower than those in the lowest fitness 
category. The differences were more evident in the highest 
versus the lowest fitness categories, with 25% higher levels of 
HDL cholesterol and 33%, 20%, 11% and 32% lower triglyc- 
eride, LDL cholesterol, total cholesterol levels and ratio of 
total cholesterol to HDL cholesterol, respectively. Blood levels 
of HDL cholesterol and triglycerides are strong and indepen- 
""' Figure 3. Total cholesterol/high density hpoprotein cholesterol (TC/ 
HDL-C) ratio for women in the low, moderate and high fitness 
categories. *Different from one another (p < 0.01). 
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Figure 4. Blood glucose l vels for women in the low, moderate and 
high fitness categories. *Different from moderate and high fitness 
categories (p< 0.01). 
dent predictors of cardiovascular death in women (26). It is 
reasonable to assume that the more favorable lipid profiles 
observed in the women with higher fitnes:~ levels would reflect 
lower coronary risk in such women. 
Previous tudies comparing avid female runners with sed- 
entary womet~ have generally reported more favorable HDL 
cholesterol and triglyceride levels in runners (27-29). How- 
ever, the results of studies examining the association between 
self-reported physical activity levels and lipids are equivocal. 
Some reported favorable associations between lipid profiles 
and physical activity (30,31), but others reported no indepen- 
dent association (32,33) or association only when caloric 
expenditure from leisure time activity increased to ->2,000 kcal 
(34). However, self-reported physical activity questionnaires 
are subjective and not reliable (13). This may be part of the 
reason for the ambiguous results een in these studies. 
Treadmill time has been used as a determinant of fitness 
levels in two studies (35,36). Our results are in agreement with 
the reports by Gibbons et al. (35), who noted a positive and 
significant relation between HDL cholesterol and fitness levels, 
independent ofage and weight. We are not in agreement with 
the results of another similar study in which no consistent trend 
in the association between HDL cholesterol levels and tread- 
mill time was found in a large group of women (36). 
Blood glucose. Fasting glucose levels carry a high relative 
risk for mortality in women (2). A high glucose level even 
negates the cardioprotective effect of estrogen levels in pre- 
menopausal women (37). In the present study, treadmill time 
was associated inversely with blood glucose levels and was the 
strongest independent determinant of blood glucose variabil- 
ity. When the three fitness categories were contrao*.ed, we 
observed significantly lower glucose levels in the moderate and 
high fitness categories than with low fitness. This suggests that 
moderate fitness appears to be adequate for beneficial changes 
in carbohydrate metabolism. 
Blood pressure. Diastolic blood pressure at rest and peak 
exercise was also inversely associated with fitness levels. Exer- 
cise time was a strong and independent determinant of rest 
diastolic blood pressure, second only to glucose levels. A 
comparison of diastolic blood pressure among the three fitness 
categories revealed significantly higher blood pressure levels in 
the low fitness category than in the moderate and high fitness 
categories. This relation was independent of age, body weight, 
body mass index and alcohol consumption. There was also e, 
trend toward lower systc'!c blood pressure in the moderate attd 
high fitness categories, out statistical significance was not 
achieved. 
Previous tudies reported an inverse association between 
physical activity and blood pressure (32,38,30), but others 
could observe only a weak relation after adjusting for body 
mass index (40,41). The discrepancy in the results of these 
studies may stem from interstudy differences and lack of 
objectivity in the assessment of physical activity. 
Elevated blood pressure is an established risk factor for 
coronary heart disease (11). In prospective observational stud- 
ies, lowering of diastolic blood pressure by 5 to 6 mm Hg is 
associated with at least 35% to 40% decreased incidence of 
stroke and 20% to 25% decreased coronary heart disease (42). 
Our findings how differences of5 to 7 mm Hg between the low 
fitness and the moderate and high fitness women. These 
findings uggest that moderate xercise levels may be all that is 
mm Hg 
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Figure 5. Blood pressure (BP) levels for women in the 
low, moderate and high fitness categories. *Different 
from one another (p < 0.01). 
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necessary to achieve and maintain a clinically significant de- 
crease in blood pressure in these women. 
Cardiorespiratory fitness and mortality. An inverse rela- 
tion between fitness levels and all-cause mortality has been 
reported by Blair et al. (2) in men and women. These investi- 
gators estimated that the optimal fitness level for lower 
mortality rates in women was ~9 METs. In the present study, 
we observed that the women with s!milar average fitness levels 
(10 METs) (Table 2) had significantly lower blood pressure 
and blood glucose levels and body mass index and a more 
favorable lipid profile than those below this fitness level. These 
favorable differences observed at this level of fitness may, in 
part, be responsible for the lower mortality rates. 
Study limitations. Our study is limited in accounting for 
the dietary efft;cts on the select risk factors. We also have no 
information on the use of oral contraceptives by tF,~ women in 
the three fitness categories. However, even if the use was not 
uniform, recent studies suggest that newer low dose oral 
contraceptives do not significantly affec~ the cerdiovascular risk 
profile in healthy, nonsmoking women (43). 
The inclusion of 44 postmenopausal women without infor- 
mation on hormone replacement therapy is also a limitation. A 
separate analysis in this subgroup revealed that HDL choles- 
terol levels were significantly higher, and total cholesterol/ 
HDL cholesterol ratio lower, in the high versus moderate 
versus low fitness categories. The most likely explanation for 
this is that increased physical activity may overcome the 
adverse effects of low postmenopausal estrogen levels. How- 
ever, the possibility that the prevalence of hormone replace- 
ment therapy was higher in the physically fit than the low 
fitness women cannot be excluded. In either case, the inclusion 
of these women in the study should have a minimal effect on 
the overall results because this subgroup comprised <1% of 
our total study cohort. 
Conclusions. Our findings suggest hat a moderate level of 
physical fitness is associated with a more favorable coronary 
risk profile in women. This fitness level is attainable with 
moderate increases in physical activity, consisting of a daily 
brisk walk. These findings have clinical and public health 
importance because such physical activity is feasible and within 
the ability and tolerance of most women and carries a low 
risk/benefit ratio. 
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